Abstract. The power measurement signal of power transmitter is one of the important parameters for speed governor controlling and protection, and the performance cannot be ignored. Based on RTDS, a scheme of power transducer performance test was designed to study the impact of the wave recording performance under different instantaneous fault. The proposed scheme is used to test a kind of power transducer. The results demonstrate that the instantaneous recording delay was about one cycle, and the peak of the first pendulum was filtered out. Meanwhile, the recording performance of the transmitter was affected by the duration of the fault. This scheme is useful in the inspection of power transducer.
Introduction
At present, large-scale generator units generally use active power transmitters to measure the actual power of the units, while the power measurement signal of power transmitter is one of the important parameters for speed governor controlling and protection [1] [2] . A strong demand has been imposed on the performance of the power transmitter, and the evaluation before production is a significant means of testing the transmitter performance. However, the domestic manufacturers rarely consider the performance of the device with regard to the power grid, resulting in the insufficiently comprehensive study of the transmitter. In the document [3] , the performance of the power transmitter is tested by the relay tester, and the influence of various faults on the grid side cannot be fully investigated. Therefore, it is necessary to carry out the numerical simulation of the power transmitter, simulate the various operation mode of the actual power system, and evaluate the influence the wave performance of the power transmitter considering power grid fault.
Power System Real-Time Digital Simulator (RTDS) can be connected to external physical devices via communication interface to form a digital-physical closed-loop circuit, which is an ideal tool for digital physical closed-loop testing. In this paper, a test scheme of the wave recording performance of power transducer based on RTDS is studied, which can investigate the recording performance of the transmitter under various working conditions of the grid. It takes the test for a certain type of transmitter. The test results show that the scheme is valuable for engineering application.
Experimental Scheme

Simulation Model
According to the wiring diagram shown in figure 1, turbine unit was built based on RSCAD software platform, which was connected to the infinite power via double circuit lines on the same tower.
Where, the capacity of the installed generator is 1200MVA, and the rated voltage is 15kV. Unit excitation system (IEEE, Type, ST1), PSS (IEEE Type 2), speed regulator (IEEE Type 1) are invoked from the Power Systems Computer Aided Design (RSCAD) standard model library. The ratio of PT is 150/1, while CT is 1200/1. The booster transformer ratio is 15kV/230kV, capacity is 1220MVA, and short circuit impedance is 4%. The circuit breakers are all closed in the experiment.
Fault Control
The fault position in Figure 1 can be changed in the model according to the needs. Fault control in this model is optimized. Simulation of single fault or double fault was carried out. Moreover, the fault trigger phase angle, duration, fault type and fault phase can be controlled.
After compilation, a console can be set up in the RUNTIME module, which can be applied to set fault, and control the parameters and monitor the data of the system in real-time.
Hardware Connection
After calculation in RSCAD software, the voltage of three-phase potential transformer (PT) and the current of three-phase current transformer (CT) were feed to power amplifier through the RTDS analog output card GTAO. The signal are amplified and feed to both the power transmitter and high-speed data recorder. Then the power transmitter power output signal to high-speed data recorder. Through analysis, the high speed recorder would compare the signal wave of power amplifier and power transmitter to see that they are the same.
In this paper, the portable power record analyzer WFLC-VI is used for data recorder. Since the output signal of the power transmitter is a current signal at a milli-ampere level, an equipment to transform current to voltage is added to the output port of the power signal to reduce signal loss. The power transmitter test system is shown in Figure 2 . 
Test of the Unit
A type of transmitter power was measured in this section. The test was taken to see the difference of power transmitter recorded waveform and the actual terminal power mainly against various types of transient faults occurring in power grid. In order to comprehensively study the transmitter recording performance, fault type simulation include single-phase fault, three-phase fault and double faults, considering the influence of fault types and duration. Under the initial conditions, the output power of the generator is 600MW.
The Influence of Fault Duration
In Figure 1 , three-phase grounding fault are set at the 50% line, and fault duration are respectively 0.01s, 0.1s, 0.2s. Figure 3-Figure 5are the recorded waveform. Among them, P is the direct output of the generator power amplifier, P1 is measured by the power output of power transmitter.
According to the analysis, the fault duration has great influence on the recording performance. In Figure 4 , before the fault happened, transmitter recorded value and the actual value are basically the same. But after fault happened, the transmitter waveform becomes a delay of about one cycle. Besides, the first wave pendulum of the actual power is filtered. In the subsequent changes, there is gap between the transmitter power and the actual waveform, some-times waveform and the actual shows the opposite. In Figure 4 and Figure 5 , the similarity between the recorded waveform of power transmitter and actual waveform is higher. But the transmitter waveform changes delayed about one cycle. The first wave pendulum is filtered out.
Effect of Fault Types
As described in Section "The Influence of Fault Duration", different fault types including a single fault and double fault are studied. The fault duration is 0.2 second(s). Due to limited space, two representative waveforms were analyzed. Figure 7 shows the waveform of a two-phase short circuit grounded, which is single fault case. Figure 8 shows the waveform of the double fault, which is two-phase short-circuit grounding after interval 0.2s of two-phase shorted circuit.
According to the results, in the case of different fault types, the transient recording of the power transmitter is similar to the actual waveform trend, but the transmitter recording still exists the delay of one cycle, and the first pendulum peak is filtered out. 
Analysis of Transmitter Recording
Through the qualitative and quantitative analysis of the recording error, the practical performance are analyzed and evaluated under the transient conditions. The recorder error was small under the steady state of transmitter before and after fault. But the error increases when the fault triggers. Since the recorded time delay, error increases further, and the recording instantaneous maximum error is more than 200MW in the test.
2) Error quantification analysis Take integral of power error curve in Figure 8 - Figure 10 at the same error measuring points, deviation effects of measuring transmitter power was analyzed under different fault types and duration. The greater the amount of error integral, the greater the deviation of the transmitter's measured power from the actual power.
The error integral is represented by the unitary value based on 10 6 in table 1. Under the case of circuit fault short duration, integral of the error is very small, such as fault duration 0.01s. If fault time exceeds 0.1s, the error measurement of power transmitter has gradually decreased along with the fault duration increasing. 
Summary
Based on the RTDS, a test scheme of generator power transmitter recording performance is designed in this paper, to test the transient characteristics of the transmitter. The design of test model can simulate a single or double fault of the grid side. It is more comprehensive to investigate the accuracy of the power transmitter recording performance when the instantaneous fault occurs in the power grid.
In accordance with the scheme proposed in this paper, tests of a type of transmitter were carried out based on RTDS model. Some problems were found. The steady state recording of the transmitter is consistent with the actual situation. When the power fluctuates, the recording delay is about one cycle, and the peak of the first pendulum was filtered out. The recording performance of the transmitter was affected by the duration of the fault. In this paper, when the fault duration is less than 0.1s, the gap of transmitter waveform and the actual waveform is large. When the duration is greater than 0.1s, the waveform is basically consistent with the actual waveform trend. Error increases when transmitter was in the time of fault trigger. Since the recorded time delay, the error will be further increased. When the duration of short circuit fault was short, error integral volume is small. If the failure duration is over 0.1s, the measurement error of transmitter has gradually decreased with the fault duration increasing.
The test scheme designed in this paper can be used as an effective method to test the power transmitter.
